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Abstract 
A mod i f i ed spectrof luorimetr ic method of us ing 8书ydroxyquinol ine 
as a reagent for the determinat ion of a lumin ium has been established. This 
m e t h o d is based on the ext ract ion of a lumin ium-8-hydroxyqu ino l ina te 
complex in to chloroform. The fluorescence intensity was measured at 505 n m 
w i t h excitat ion wavelength set at 405 nm. 
The op t ima l condit ions for measuring the fluorescence intensity of 
a luminiu in-8-hydroxyquinoi inate were established : the fluorescence intensity 
was measured at 505 n m and excited at 405 nm. T w o m l of 2 percent 8-
hydroxyqu ino l ine was used for reaction w i t h 0 - 1 | i g / m l of a luminium. The 
o p t i m u m p H of the solut ion for the extraction was found i n the range of 5-6. 
Ch lo ro fo rm was found to be the best extraction solvent for the a lumin ium 
complex. F rom the interference studies, copper (11), i r on (II) and i ron (III) 
seriously interfered w i t h the system. These ions were removed pr ior to the 
analysis b y s o d i u m d ie thy l -d i th iocarbamate f o l l o w e d by ch lo ro fo rm 
extraction. 
The l inear range for the cal ibrat ion graph was f rom 0 - 1 ) i g / m l of 
a l um in ium w i t h a detection l im i t of 3 n g / m l . The relative standard deviat ion 
for the analysis of a solut ion containing 0.1 and 0.2 | i g / m l a lumin ium are 0 
and 0.62 % respectively. 
The proposed method was appl ied satisfactorily to the determination 
of a l u m i n i u m i n food and d r u g samples such as tea, infant formula, natural 
water and antacid. 
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Chapter 1. Introduction 
1.1. General Introduction 
A l u m i n i u m is the most prevalent meta l / and the th i rd most abundant 
、 
element - beh ind oxygen and si l icon - i n the earth's crust. Humans are 
constantly exposed to a lumin ium as dust and dir t . 
I n biological systems, a lumin ium is present only i n trace amounts, and 
has no accepted dietary role i n normal biological and metabolic processes. 
Under normal conditions, most of the relatively small amount of a lumin ium 
that enters by m o u t h passes th rough the gut and out into the feces 
unabsorbed. This is because the charged a lumin ium ions i n the small intestine 
are not able to penetrate the l i p id protein membranes of duodenal mucosa 
and cannot pass into the bloodstream. Any small amount of a lumin ium that 
do enter the b lood stream are rap id ly excreted by the normal renal 
mechanisms.^ 
I n the past, a l um in ium was considered to be the least toxic metal 
because of its inertness. I n the 1970s, however , doctors noticed some 
distressing side effects i n certain people w i t h chronic kidney diseases) I t had 
been reported that the abnormal accumulation of a lumin ium in certain tissues 
of the human body was associated w i t h abnormal skeletal metabolism and 
var ious disease, such as Alzheimer 's d iseases/ oesteomalacia^ and 
Parkinsonism dementia. 
Researchers have begun to suspect that a lumin ium is not always as 
safe as they or ig ina l ly thought. Therefore, i t is needed to evaluate the 
1 
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amount of a lumin ium entering human bodies. One of the obvious ways i n 
wh i ch a lumin ium may enter human bodies is through food. 
Its toxicological evaluation ratio was only recently presented i n the 
report of the Joint F A O / W H O Expert Committee on Food additives (1989).^ 
The Provisional Tolerable Weekly Intake (PTWI) was estimated as 7 mg per 
k i logram body weight. For a 20 kg child, this means a weekly intake of 140 
m g or 20 m g / d a y . 
Because of the health r isk of a lumin ium, there is a need for an 
informat ion about the source of exposure of man to aluminium. In the normal 
diet, there are four main sources of aluminium^ : (1) foods either natural ly 
h igh i n a lumin ium, such as some plant foods, part icular ly tea^^, herbs or 
processed food products containing a lum in ium addit ives, for example 
leaving or ant icaking agent; (2) contamination of food and drinks f rom 
a lum in ium cookware^\- (3) dr ink ing water^^ ( in some areas of the country) 
• • 13 
that has been treated w i t h a lumin ium salts as coagulants and (4) medicines ‘ 
part icular ly antacid preparations and analgesics. To avoid excessive dietary 
intake of a lumin ium, the data on a lumin ium content of foods and the 
a lumin ium content of dai ly diets are required for making recommendation to 
the public. Unfortunately, there are just a litt le compilat ion of published data 
on the a lumin ium content i n food especially oriental one.^^'is Hence, there is 
an urgent need to develop a sensitive and rel iable method for the 
determination of a lumin ium for future survey and routine monitoring uses. 
» 
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1.2. Review of analytical methods for aluminium analysis 
O w i n g to the toxic potent ia l of a lumin ium, i t w o u l d lead to the 
development of analytical methods for its determination i n different types of 
samples such as water, biological f luids, foods etc. A number of methods had 
1A 、 
been reported for a lumin ium determination. I t is now currently assayed by 
a var iety of colorimetric, f luor imetr ic, neutron activation, graphite furnace 
atomic absorpt ion spectrometric and induct ively coupled plasma emission 
spectrometric method. 
I n this section, these methods w o u l d be out l ined and the most 
commonly used method w o u l d be discussed here. 
1.2.1 Atomic Absorption Spectrometry^^ 
The method is based on the fact that atoms i n the ground state can 
absorb l i gh t at characteristic wavelength(s). Absorbance by ground state 
atoms i n a f lame or furnace is measured. Two types of atomic absorption 
analyses are dist inguished by whether or not a flame or a furnace is used to 
vaporize and atomize the sample. A l u m i n i u m can be determined using a 
ni t rous oxide-acetylene flame, bu t this method lack sufficient sensitivity. 
A l u m i n i u m is more commonly determined using the more sensitive graphite 
furnace (flameless) techniques. Precise analyses require precise injection of 
sample into the graphite furnace. Recently, direct measurement of a luminium 





1.2.2. Atomic Emission Spectrometry^^ 
These method is based on the measurement of emission f rom 
a lum in ium atoms. I t can be measured by using either a nitrous oxide 
acetylene flame or an argon plasma. 
、 
A flame emission method was satisfactory for h igh a lumin ium levels 
but not suff ic ient ly sensitive to detect the low concentrations that exist i n 
foods. The d i f f icu l ty w i t h nitrous oxide acetylene flame method is that this 
type of flame is not hot enough to provide the energy needed to ionize all of 
the a lumin ium and thus is unsuitable for measurement for trace levels. 
Recently the lack of energy in flame emission has been overcome by 
the use of Induct ively Coupled Plasma (ICP) as an excitation source. In this 
technique a stream of argon is ionized by a radio frequency and the plasma 
of the ionized argon which is formed can reach temperatures of 4000°C. 
1.2.3. X-Ray Fluorescence^^ 
X-ray fluorescence is associated w i t h the K-shell electrons of. metals. 
A th in f i l m of the sample containing a metal is placed in small Mylar sheet 
and dried. The sample is then bombarded w i t h an electron beam and when 
an incident electron interacts w i t h a K-shell electron in the metal, the K-shell 
electron is elevated to an unstable orbital state. As the K-shell electron 
returns to its stable orbital, i t emits energy i n the fo rm of X-rays which are 
characteristic of the metal involved. These x-rays can be counted by an 
appropriate detector, and the energies of the x-rays correspond to different 
metal. Even though this method is very specific and capable of measuring 
a lumin ium, it does not appear to be sensitive enough in its present state to 
detect the trace levels of a lumin ium in food. 
4 
1.2.4. Neutron Activation Analysis^^ 
This technique is based on quantitation of the gamma ray emitted by 
nuclei that have been irradiated w i t h neutron. 
； ? A1 . J n _ _ + r -
Its advantages are sensitive, accurate and precise. But its major 
disadvantage is that its use is l imi ted to those investigators w h o have access 
to a nuclear reactor. I n addit ion to that, this technique requires a well-trained 
analyst. 
1.2.5. Chemical Methods�� 
A l u m i n i u m can be measured using either photometric or f luorimetric 
method. I t can be done by reacting a lumin ium w i t h an organic reagent and 
measured the l ight absorbed or emitted by the aluminium-organic complex. 
Most of these methods have as a basis requirement that the aluminium 
be isolate f r om inter fer ing metals. As a result, isolation include either 
separation of the metal f rom a lumin ium or masking them in a manner that 
inhibits their interference. 
From the above methods mentioned before, these methods have 
di f ferent w o r k i n g ranges and detection l imi ts . Bloom and E r i c h�？ have 
reported the typical detection l imits of several methods that are commonly 
used for the determination of aluminium. These are summarised in Table 1-1. 
« 
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Table 1-1. Detection l im i t of several methods for determination of a lumin ium 
Methods of a lumin ium analysis Typical Detection L im i t 
(^tg/1) 
Flame Atomic Absorpt ion Spectrometry 1000 
、 
Flameless Atomic Absorpt ion Spectrometry 0.1 
Atomic Emission Spectrometry 10 
X-Ray Fluorescence 1000 
UV-Visible Absorbance Spectrophotometry ^ 
Fluorescence Spectrophotometry 03 
Neut ron Act ivat ion Analysis ^ 
Chromatography 
Fluoride selective electrode 100 
A m o n g these methods, the graphite furnace atomic absorpt ion 
spectrometry (GFAAS) was an excellent method for the determination of 
a lumin ium in foods. However, this method was subjected to severe sample 
matr ix interference and required a much higher temperature (-'2500°C) for 
• i 
atomization. This is not so favorable since a lumin ium wou ld form refractory 
oxide at h igh temperature. Hence i t is desirable to develop an alternative 
method that is sensitive enough to detect the l ow content of a lumin ium in 
food. 
Fluor imetry is chosen because it is a simple and sensitive technique. I t 
does not require any expensive apparatus. I n addit ion, i t does not require a 




1«3. Spectrofluorimetric determination of aluminium 
Many organic compounds having suitable chromogenic and chelating 
groups react w i t h i n aqueous solut ion at appropriate acidity to form 
strongly coloured products, some of wh ich have fluorescent properties. A 
number of these reagent have been reported in literature, e.g. lumogallon, 
morin,24 8-hydroxyquinoline.^^ The most common f luorimetr ic reagent used 
w i t h a lumin ium is lumogallon. The standard procedure requires heating for 
90 minutes for complete complex format ion. Such a t ime consuming 
procedure is not favored for routine analysis. Another method was based on 
the fluorescence of the a luminium-mor in complex. The mor in method is less 
suitable for routine analysis because i t is a highly unselective reagent. 
A f luor imetr ic method, w i t h a similar sensit ivity to the lumogal lon 
method bu t not requir ing heating, is based on the reaction of a luminium w i t h 
8-hydroxyqu ino l ine . The present w o r k describes a spectrof luorimetr ic 
method to determine a lumin ium by 8-hydroxyquinoline. 
1.3.1. 8-hydroxyquinoline Method 
8-hydroxyquinol ine, also k n o w n as 8-quinol inol, is commonly called 
ox ine (H〇x) b y analysts.^^ Figure 1-1 shows the structure of 8-
hydroxyqi i inol ine. 
O H 
Figure 1-1. Structure of 8-hydroxyqii inoline 
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Oxine is a whi te crystalline compound melt ing at 74-76°C. I t is almost 
insoluble i n water and ether bu t freely soluble i n alcohol, chloroform, 
benzene and aqueous solution of mineral acid. 
Mos t meta l ions f o rm chelates w i t h 8-hydroxyquinol ine^^. The 
uncharged chelate complexes MOx。are very sl ight ly soluble i n water but 
、 
dissolve i n organic solvents. The quant i ty of extracted oxinates can be 
determined absorpt iometr ical ly or f luor imetr ica l ly . Ch loro form is the 
suitable solvent for extraction of these metal complex. Oxine is also a good 
precipi tat ion reagent, w i t h the f inal determination being made by another 
reagent. 
I n chloroform, oxinates of some metals ions absorb strongly in the UV-
visible region. Diamagnetic metal oxinates fluoresce strongly. Oxine itself 
shows only an extremely weak fluorescence. Compared w i t h absorptiometric 
determinat ion, the f luor imetr ic method has the advantages of greater 
selectivity and sensitivity. Approximately 20 metal oxinates fluoresce, half of 
wh ich (Mg, Zn, Cd, A l , Ga, In, Sc, Y, Zr, H f and Sn) are strongly enough to 
be of analytical interest. ^ ^ 
For the determinat ion of a lumin ium, i t is commonly based on the 
extraction of a lumin ium oxinate (AIOX3) by chloroform. 
+ 3 H 0 x ， • A10x3 + 31{‘ 
Extracted w i t h 
Ch lo ro fo rm 
and determined 
by photometry or 
by f luor imetry 
The extract ion of a lumin ium as a lum in ium oxinate is essentially 
complete over a range of p H values extending f rom 4.9 to 10.4.29 The pale 
yel low extract can be determined by either photometry or fluorimetry. 
8 
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Several methods for determination of trace of a luminium, based on the 
photometric or f luor imetr ic measurement of the extracted oxinate, have been 
studied by many workers. Gentry and Sherrington^^ have described an 
absorptiometric method. Goon et al^^ determined a lumin ium in steel by 
fluorimetry. BoUeter^^ described a photometric method for the determination 
of a lumin ium and t i tanium in polyethylene. Rees^^ determined a luminium in 
acid by f luor imetry w i t h a detection l imi t of 0.02 } i g /m l of aluminium. The 8-
hydroxyqu ino l ine method has also been used i n the determinat ion of 
oo 
a lumin ium in biological samples. Middleton described an absorptiometric 
method in leaves of a rubber tree. Frink and Peaslee^^ described a method to 
determine the a l u m i n i u m concentrat ion i n b io log ica l materials by 
spectrophotometry, w i t h a lower l imi t of reliable measurement down to 4 
| i g / m l of a l um in ium. Tu l lo et al?^ have determined the a lum in ium 
concentration i n beer by f luorimetry. No l l and Stefanelli^^ also described a 
m e t h o d for the de te rm ina t ion of a l u m i n i u m i n waste water by 
spectrophotometry and by f luorimetry. 
A m o n g the above ment ioned methods, they do not seem to be 
sensitive enough to detect a low aluminium concentration (say i n | i g / l level) 
w i thout pre-concentration, even by f luorimetry. The most sensitive one only 
shows a detection l im i t of 0.01 | i g /m l . I n addi t ion to that, some of these 
methods cannot tolerate a h igh concentration of foreign ions. Furthermore, 
some of the procedures are tedious and time consuming, which is not suitable 
for rout ine analysis. As a result, there is a need to develop a sensitive, 
precise, accurate and convenient 8-hydroxyquinoline method and to develop 
a method that can be used to separate a large amount of foreign ions prior to 
the determination of a lumin ium by the 8-hydroxyquinoline method. 
9 
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1.3.2. Principle and instrumentation of fluorescence 
Fluorescence is a process in wh ich an excited molecule get r id of their 
energy through the emission of photon.^^ The mathematical equation of the 
fluorescence emission can be expressed as follows. 
F = P o K ( l - 1 0 * ) 
Where F : Fluorescence power reaching the detector 
K : a constant for a given system 
Po： power of the incident U V radiation 
e: molar absorptivity of the solution 
b: length of the medium 
c : concentration of the solution 
This equation can be transformed to a more useful form by application 
of Taylor 's series expansion. For a solut ion of l ow concentration, the 
equation can be simpl i f ied to : 
F = PoKZ .Sebc 
or at constant P© 
F = K'c where K ' = 2.3£bKPo 
For a solut ion of low concentration, the fluorescence emission can be 
proport ional to the concentration of the solution. 
10 ‘ 
Figure 1-2 shows a typical configuration of a spectrofluorimeter or a 
f luorimeter. I t consists of a source, a monochromator or wavelength selector 
system, a sample cell, a detector and a readout device.^^ 
、 
Excitation filter 
or monochromator Sample 
Source 
Beam 






V Differential Amplifier 
Readout 
Figure 1-2. Basic components of a spectrofluorimeter or a fluorimeter 
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1.3.3. Standard addition methods^® 
I n the analysis of food samples, i t is impossible to suppress 
interference f rom matr ix elements completely. I t can be done by application 
of the method of standard addit ion, in wh ich a por t ion of standard is added 
to the sample. Since any interference w i l l be present at the same 
concentration i n al l solutions, i t w i l l affect equally the analyte either originally 
present or added as the standard increment. I t can be il lustrated i n the Figure 
1-3. I n our study, the solut ion was analyzed by using the standard addit ion 
calibration method. The detail procedure w i l l be further il lustrated in section 
2.3.3. 
1.4. Project Aim 
The aim of the present study is to develop a spectrofluorimetric 
method that can be used as an alternative to the graphite furnace atomic 
absorpt ion spectrometry (GFAAS) and w i t h superior sensit ivity for the 
analysis of a lumin ium in food samples especially i n the orient market. 
The proposed method should be sensitive, precise, accurate and 
convenient, and 8-hydroxyquinol ine is proposed to be the complexing agent. 
This method preferably requires no pre-concentration steps and capable of 
detect l ow level of a lumin ium. I n addit ion, i t can be used to separate or 
remove a large amount of foreign ions i n the samples pr ior to the 
determination of a lumin ium by 8-hydroxyquinoline method. Furthermore, it 
can be used to determine the a luminium content i n various types of food 
samples such as tea, natural water, infant formula and antacid drug. 
12 ‘ 
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Figure 1-3. Graphical representation of standard addit ion method 
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Chapter 2. Experimental 
2.1 Apparatus 
2.1.1. Fluorescence measurement 
、 
2.1.1.1 Spectrofluorimeter 
Fluorescence intensi t ies were measured us ing a Ba i rd -A tomic 
F luohcord Spectrofluorimeter w i t h a 1-cm quartz cell. The l ight source was a 
xenon arc lamp. The inst rument employed t w o mod i f i ed Czerny-Turner 
- ^ - . -
grat ing monochromators, one sMect the excitation of the sample and second 
select the emission of the sample. Both monochromators were provided w i t h 
geometric slits w i t h bandwidths corresponding to 1, 2, 5, 8,10,16, 20 and 32 
nm. T w o more slit plates were prov ided before the f i rst monochromator and 
the exit of the second monochromator. Their spectral bandwidths were 1, 5, 
10, 20 n m or 2, 8, 16, 32 run. A meter scale was equipped in the instrument. 
The spectra were plot ted by a Graphtec Type W X 4421 x-y recorder. 
The ins t rument was cal ibrated w i t h s tandard quinine sulfate (10 
} i g /m l ) solution. The fluorescence meter prov ided a readout 84.5 units at the 
excitation wavelength .^^ x at 355 n m and emission wavelength >.em at 450 n m 
w i t h coarse 30 and f ine 7 sensitivity. The entrance and exit slits were bo th set 
at 16 nm. Spectra were used uncorrected. 
2.1.1.2 Fluorimeter 
For more accurate measurements, a Sequoia-Turner Model 450 digital 
f luorometer was employed, using a 1 cm quartz cell. The excitation energy 
was p r o v i d e d b y a quartz-halogen lamp. The excitat ion and emission 
wavelengths were selected by using a narrow band excitation filter (450-103) 




fluorescence is too high, an aperture slide may be used to reduce the 
sensitivity of the instrument. 
2.1.2. pH measurement 
A Jenway 3020 digi tal p H meter was used ( p H 士 0.01) for all p H 
measurement. The p H meter was calibrated w i t h a known p H standards, i.e. 
p H 4.00 (Riedel-de Haen), p H 6.00 (BDH), p H 12.00 (Riedel-de Haen). 
2.1.3. Milli-Q50 Water System 
Water used in the experiment was pur i f ied by a Milli-Q^O ultra-pure 
water system. The water inlet was distilled deionized water. The water was 
then deionized and fi ltered through a 0.1 | im filter. The resistivity of water 
produced was 18 MQ/cm. 
2.1.4. Muffle furnace 
Lindberg Hevi-Duty Muff le furnace was used. 
2.1.5. Heater 
A. Labinco Model 532 hotplate and magnetic stirrer was used. 
2.1.6. Glassware 
A l l volumetr ic flasks used were - M I L ' borosilicate volumetric 
flasks. Both grade A and grade B pipettes were used. A l l beakers used were 
Tyrex ' glass beaker were used in all experiments. 
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2.2. Reagents & Material 
A l l glasswares and polyethylene bottles were scrupulously cleaned 
w i t h detergent fo l lowed by overnight soaking i n 10 % v / v nitric acid and 
subsequent rinsing with aluminium free water obtained from a Milli-Q50 
water system (Mil l ipore, France). I t was loosely covered unt i l dry. A l l of the 
reagents used were analytical reagent grade. 
2.2.1. Water 
The water used should be free of a lumin ium and it was prepared by 
using a Mi l l i -Q water system (Mil l ipore, France). The resistivity of the water 
produced was 18 MQ/cm. A l l solutions were prepared by using the Q water. 
2.2.2. Aluminium stock solution 
A 10 m g / 1 a lumin ium solution was prepared by dissolving 0.1758 
gram of potassium a lumin ium sulfate (Merck) A1K(S〇4)2.12H20 in water, 
adding 1 mil l i l i ter of 1:1 sulfuric acid and di lut ing to 1-litre. 
2.2.3. Diluted aluminium solution 
One hundred mil l i l i t re of the stock a luminium solution were pipetted 
into a 1-l i tre volumetric flask and di luted to the mark w i t h Q water. The 
resulting solution containing 1 j ig /ml . 
2丄4. 8-hydroxyquinoline solution 
A 2 percent ( w / w ) 8-hydroxyquinol ine solut ion was prepared by 
dissolving twenty grams of 8-hydroxyquinoline (Riedel-de Haen) in 60 m l 
glacial acetic acid (Merck). The solution was then di luted to 1 litre w i th water. 
This solution was stored in an amber bottle. 
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2.2.5. Buffer solution 
2.2.5.1. A m m o n i u m acetate-ammonia buffer 
A n ammon ium acetate - ammonia buf fer solut ion was prepared by 
dissolv ing two hundred grams of ammonium acetate and seventy mil l i l i tres 
、 
of 25% ammonia solut ion (Merck) i n a total vo lume of 1 litre. The p H of the 
result ing solut ion was 8.92. 
2.2.5.2. A m m o n i u m acetate buffer 
A n ammon ium acetate buffer was prepared by mix ing 77.5 m l 25% 
ammonia solut ion (Merck) w i t h 68.75 m l glacial acetic acid (Merck). The 
result ing solution was made up to 250 m l w i t h water. The p H of the resulting 
solut ion was 6.2. 
2.2.5.3. Sodium Acetate Buffer 
A sodium acetate buffer was prepared by mix ing 148 m l of 0.2M acetic 
acid solut ion w i t h 352 m l of 0.2M sodium acetate solution. The p H of the 
result ing solut ion is 5.0. 
2.2.6 Sodium chloride solution 
A 30 percent ( w / w ) sod ium chlor ide solut ion was prepared by 
dissolving three hundred grams of sodium chloride (Riedel de Haen) into a 
r 
total vo lume of 1 litre. 
2.2.7. Sodium diethyldithiocarbamate 
A 3 percent ( w / w ) sod ium diethyldi thiocarbamate solut ion was 
prepared by dissolving three grams of sodium diethyldithiocarbamate (BDH) 
i n an approximately 50 m l water. The solution was filtered and then di luted 
to 100 m l w i t h water. This solution was freshly prepared. 
•f 
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2.2.S. Various metal ions 
Stock solutions of various metal ions of 100 m g / 1 were prepared by 
dissolving separately 0.2157 gram of ammonium iron(ni) sulfate (Peking), 
0.0930 g ram of calc ium chlor ide-2-hydrate (Merck), 0.1243 gram of 
manganese(II) n i t rate-4-hydrate, 0.1233 gram of magnesium sulfate 
anhydrous (Mallinckrodt), 0.0530 gram of zinc chloride (Riedel-de Haen) and 
0.0988 gram of copper (11) sulfate-5-hydrate (Merck) i n Q water and di luted to 
100-ml i n volumetric flasks. 
2.2.9. Diluted Nitric Acid Solution (Dissolving acid) 
A n 8M nitric acid solution was prepared by mix ing 250-ml nitric acid 
(Riedel-de Haen) (approximately 70 %) w i th 250-ml water. 
2.2.10. Citric acid solution 
A 1 percent ( w / v ) citric acid solution was prepared by dissolving 5 
grams of citric acid (BDH) in 500-ml of water. The p H of the solution was 
found to be 2.4. 
2.2.11. Dithizone solution 
A 0.1 percent ( w / v ) dithizone solution was prepared by dissolving 0.1 
gram of dithizone (Hopkin & Will iams) in 100-ml of chloroform. The solution 
should be stored i n an amber bottle. 
2.2.12. 8-hydroxyquinaldine solution 
A 2 percent ( w / w ) 8-hydroxyquinaldine solution was prepared by 
dissolving twenty gram of 8-hydroxyquinaldine (Fluka) in 60-ml glacial acetic 
acid (Merck). The solution was then di luted to 1-litre w i t h water. The 
solution was stored in an amber bottle. 
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2.2.13. Quinine sulfate solution 
A 100 m g / 1 ( w / v ) quinine sulfate solution was prepared by dissolving 
0.1000 g ram of qu in ine sulfate (BDH) i n a total vo lume of 1-l i tre by I M 
sulfur ic acid. One hundred m l of this solut ion was pipet ted into a 1-l i tre 
volumetr ic flask and di luted to the mark w i t h I M sulfuric acid. 
、 
2.2.14. Material 
A l l food samples were purchased f rom retail outlets i n Hong Kong 
dur ing 1992-1993. 
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2,3 Proc^dyrg 
2.3.1. Preparation of calibration curve 
A solut ion containing 50 m l of 0, 0.04, 0.08, 0.12, 0.16, 0.20 and 0.24 ^ig 
A l / m l were transferred to a 100-ml separatory funnel respectively. Two m l 
of 8-hydroxyquinol ine and 2 m l of ammonium acetate-ammonia buffer were 
added. The solutions were extracted w i t h two 20-ml portions of chloroform. 
The chloroform layers were drawn off into a 50-ml volumetric flask and then 
d i lu ted to the mark w i t h chloroform. The fluorescence intensities were 
measured. 
23.2. Preparation of sample solut ion 
2.3.2.1. Digestion of food samples 
For sol id food samples, the materials was ground to powder such that 
they can pass through a 40 Mesh and dried at 80°C in an oven unt i l analysis. 
1.0 grams samples were weighed accurately i n a nickel crucible. The 
samples and reagent blanks were prepared i n three replicates. It was then 
placed i n a muff le furnace, and dry ashed at 550°C for 2 hours or unt i l ashing 
was complete. The ashed residue was transferred into a 100-ml beaker and 
then dissolved w i t h 20 m l of 1:1 nitric acid. The beaker was covered w i t h a 
watch glass and the solution was warmed at med ium heat unt i l most nitrous 
oxide had been removed. The solution was cooled and filtered into a 250-ml 




2.3.2.2. Preparation of tea infusion 
Tea infusions were prepared i n a manner that are similar to those of a 
normal domestic practice. A sample of tea bag was placed i n a pre-warmed 
250-ml beaker and boi l ing w i t h Q-water (150 ml). The contents were mixed 
we l l b y mov ing the tea bag . I t was al lowed to stand for 5 minutes. Af ter 
that, the tea bag was removed. The solut ion was cooled d o w n and f i l tered 
into a 250-ml volumetr ic flask. The solut ion was stored i n a polyethylene 
bottle. 
2.3.3. F luor imetr ic determinat ion of a lum in ium 
2.3.3.1. Removal of interfering ion prior to the a lumin ium analysis 
A suitable aliquot (up to 25 ml) of the food sample solution, containing 
less than 1 | i g / m l of a lumin ium, was transferred into a 100-ml separatory 
funnel. Ten m l of 30 percent sodium chloride solut ion was added. If the p H 
of the solut ion was less than 5.1, 3 N ammonia solut ion was added dropwise 
un t i l the p H of the solut ion was reached. Five m l of ammonium acetate 
buffer was added and the solut ion was mixed wel l . One m l of 3 percent of 
sod ium diethyl-di thiocarbamate solut ion was added. The solut ion was 
extracted by three consecutive extractions, each w i t h 5 m l port ions of 
chloroform. Af ter two phases had been settled, the chloroform phase was 
d rawn of f and discarded. After the th i rd extraction, the solution was al lowed 
to stand for 15 minutes to decompose any remaining diethyl-dithiocarbamate. 
The rest of the procedure fo l lowed the general procedure in section 2.3.3.2 
starting f r om ”1 m l of 8-hydroxyquinoline solut ion were added". 
f 
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2.3.3.2. General procedure for the determination of a lumin ium 
A suitable al iquot (up to 25 ml) containing 0 to 1 | ig A l / m l were 
transferred to a 100-ml separatory funnel. 5 m l of ammonium acetate buffer 
and 1 m l of 8-hydroxyquinol ine solution were added. The resulting solution 
was extracted w i t h 2 portions of 10 m l of chloroform solution. After the two 
phases had settled, the ch loro form layers were d r a w n off into a 25-ml 
vo lumet r i c f lask and then d i lu ted to the mark w i t h chloroform. The 
fluorescence intensity was measured at the excitation wavelength set at 405 
n m and at emission wavelength set at 505 n m using the coarse 300 and fine 3 
sensitivity. The entrance and exit slit were both set at 16 nm. 
2.3.4. A l u m i n i u m Analysis Us ing Standard A d d i t i o n 
I n the analysis of food sample, undesirable matr ix effects were present. 
I t can be el iminated by using the standard addi t ion method. I t was done by 
add i t ion of 0, 1, 2, 3, 4 j ig A l / 5 m l of water i n the sample solution. The 




2.4. Treatment of data 
Since the a lumin ium analysis of the food samples were performed by 
standard add i t i on method. The amount of a l u m i n i u m was found by 
extrapolating the graph to the x-intercept as mentioned i n section 1.4. A more 
accurate w a y is calculated by means of a least square f i t method (Appendix 
、 
1). The a l um in i um contents i n food sample were found by the fo l lowing 
equation. 
A1 found by x Volume of ^ D i lu t ion factor 
A1 content standard addi t ion solut ion used 
i n food 二 




Chapter 3. Results and discussion 
3.1. Op t im iza t ion of experimental condit ions 
There are several factors that m a y inf luence the fluorescence 
intensi ty of the a lumin ium-8-hydroxyqu ino l ina te complex. I n order to 
f u l l y characterize the complex, several factors were to be thorough ly 
s tud ied and the resu l t i ng i n f o r m a t i o n was used for a l u m i n i u m 
determinat ion . 
3.1.1. Spectral characteristics of a lumin ium-8-hydroxyquinol inate 
Every fluorescence system w i l l give its characteristic excitation and 
emission spectra w h e n irradiated by radiat ion of the appropriate energy. 
The exc i ta t ion and emission fluorescence spectra of the a l u m i n i u m 
complex and the 8-hydroxyquinol ine reagent alone are shown i n Figure 3-
1 and 3-2, respectively. F i f ty m l of 4 A l / m l , 2 m l of 2 percent 8-
hydroxyqu ino l ine and 2 m l of ammon ium acetate-ammonia buffer was 
a l lowed to react for 5 minutes and then extracted w i t h 2 portions .of 20-ml 
of ch loro form. The ch loro form layers were d r a w n of f in to a 50-ml 
vo lumet r i c f lask and then d i lu ted to the mark w i t h chloroform. The 
excitation wavelength was scanned f rom 300 n m to 550 nm. A n excitation 
m a x i m u m was found at 405 nm. The excitation wavelength was set at the 
pos i t i on where the exc i ta t ion peak was max imum. The emission 
wave length was scanned f r om 300 nm to 650 nm. A n emission peak 
m a x i m u m was found at 505 nm. The excitation and emission wavelength 
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For a more d i lu ted a l um in i um solut ion, the excitat ion wavelength 
of a lumin ium-8-hydroxyqu ino l ina te was also scanned f rom 300 n m to 550 
n m . The resul ts are s h o w n i n F igure 3-3 and 3-4, respect ive ly . 
A l u m i n i u m concentrat ion used was 0.4 | i g / m l instead of 4 p ig /ml . The 
same procedure was used. 
、 
F r o m Figure 3-3, an excitat ion peak m a x i m u m was again found at 
405 n m i n the excitat ion spectrum. The large peak m a x i m u m at 505 n m 
was due to the background signal. Aga in the emission wavelength was 
scanned f r o m 300 n m to 650 nm. A n emission peak max imum was also 
f i nd at 505 n m as shown i n Figure 3-4. The peak max imum at 405 n m was 
also a backg round signal. F rom the above result using solut ion w i t h a 
lower a l u m i n i u m concentration, the peak max ima d id not shift to either 
longer or shorter wavelengths. As a result , the wavelengths chosen for 
the d i l u t e d so lu t ion were also 405 n m and 505 n m for excitat ion and 
emission respectively. 
For the f l uo r imet r i c measurements, the exci tat ion and emission 
wavelengths were chosen to be 405 n m and 500 n m respectively instead of 
405 n m and 505 n m because these are the closest wavelengths prov ided by 
the f i l ter available i n our Department. 
3.1.2. Reagent concentration 
The present s tudy was used to invest igate the var ia t ion of the 
a m o u n t o f 8 -hyd roxyqu ino l i ne on the f luorescence in tens i ty of the 
aluminii im -8-hydroxyquinol inate complex. Solutions containing 50 m l of 
0.2 | ig A l / m l , var ious amounts of 2 percent 8-hydroxyquinol ine and 2 m l 
of a m m o n i u m acetate-ammonia buffer were extracted w i t h two 20 m l 
por t ions of chloroform. The chloroform layers were d rawn off into a 50-
m l vo l ume t r i c flask and d i l u ted to the mark w i t h ch loroform. The 




Table 3-1. Var iat ion of amount of buffer w i t h fluorescence intensity 









The results are shown i n Table 3-1 and plot ted in Figure. 3-5. The 
fluorescence intensity increased w i t h increasing volume of the reagent up 
to 2 m l of 2 percent of 8-hydroxyquinol ine and then decreased sl ightly 
f rom 2 m l to 10 m l of the reagent. A max imum was found when 2 m l of 
the reagent was used. I n addit ion. Goon et al?^ reported that 2 m l of 2 
percent 8-hydroxyquinol ine produced more reliable results. I n accordance 
w i t h this, 2 m l of 2 percent 8-hydroxyquinol ine was chosen. 
30 ‘ 
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3.1.3. Volume of buffer 
I t has been reported that a lu in in ium-8-hydroxyquinol inate can be 
extracted completely i n the p H range between 4.5 to 10.9.29 The use of 
di f ferent amounts of buffer w o u l d affect the efficiency of extraction of the 
the a l u m i n i u m oxinate in to chloroform. The effect of the vo lume of 
buf fer on the fluorescence intensity of a lumin ium-8-hydroxyquinol inate 
was studied. A m m o n i u m acetate-ammonia buf fer w i t h a p H of 8.91 was 
employed i n this study. 
The fo l low ing procedure had been used. Solutions containing 50-ml 
of 0.2 j i g A l / m l , 2 m l of 2 percent 8 -hydroxyqu ino l ine and various 
amounts of ammon ium acetate-ammonia buf fer were extracted w i t h two 
20-ml port ions of chloroform. Af ter two phases had been settled, the 
chloroform phase was d rawn off into a 50-ml volumetr ic flask and di luted 
to the m a r k w i t h ch lo ro fo rm. The f luorescence intensit ies were 
measured. The results are shown in Table 3-2 and plotted in Figure 3-6. 
Table 3-2. Var iat ion of amount of buffer and p H of aqueous solution 
on fluorescence intensity of a luminium-8-hydroxyquinol inate 
Vo lume of buffer Fluorescence p H 
(m l ) intensity 
0 ^ 3.50 
1 ^ 4.16 
2 69^ 5.77 
4 ^ 7.56 
6 65.0 
8 ^ 8.75 
10 ^ 8.84 
« 
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Howeve r , f r o m Table 3-2, i t can be seen that the a lumin iu in-8-
h y d r o x y q u i n o l i n a t e complex was extracted at d i f fe ren t pH's w h e n 
di f ferent amounts of buffer were used. Figure 3-6 showed that when the 
vo lume of buf fer var ied, the fluorescence intensi ty of the a luminium-8-
hydroxyquino l inate var ied w i t h i n the range of 65 - 70. In Figure 3-7, the 
、 
f luorescence in tens i ty of a lumin ium-S-hydroxyqu ino l ina te is p lo t ted 
against of the corresponding p H of the aqueous solut ion before extraction, 
where i t can be seen that the p H of aqueous solut ion remained constant 
w h e n 2-4 m l of buffer were used. Looking at Figure 3-6 more closely, i t can 
be seen that the fluorescence intensity remained essentially constant when 
1 m l to 4 m l of buffer were used. The fluorescence intensity decreased i n 
the presence of 4 m l to 6 m l of buffer and then increased again in the 
presence of 6 m l to 10 m l of the buffer. Thus, 2 m l of buffer was chosen 
because i t gave a relatively steady fluorescence intensity . Further, i t was 
also s h o w n above, that w h e n 2 to 4 m l of bu f fe r were used, the 
f luorescence in tens i ty va r ia t ion is smallest. The p H of the aqueous 
solut ion using 2 m l of buffer was 5.77. I n addi t ion to that, at a lower pH , 
say p H smaller than 4.0, m u c h smaller fluorescence intensities were 
recorded since most of the 8 -hydroxyqu ino l ine is converted to its 
conjugated acid form. From this study, the p H of the solution should be so 
adjusted that i t should be i n the range between 5 to 6. 
I n Figure 3-8, i t can be seen that the p H of the solut ion increased 
w i t h the increased volume of buffer. I t is essentially constant when about 
8 m l or more of the buffer were added, where the p H of the solution was 
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Hence, another buf fer was used instead of the a m m o n i u m acetate-
ammon ia bu f fe r . A n a m m o n i u m acetate bu f fe r at p H 6.2 was chosen. 
U p o n react ing w i t h the sample, the p H of the so lut ion became 5.2, wh i ch 
matched w i t h the op t ima l p H . This buf fe r also shows a m u c h greater 
bu f fe r i ng capacity. Five m l of the a m m o n i u m acetate buffer were used i n 
、 
order to ensure that the p H of the resul t ing so lu t ion was w e l l buf fered i n 
this region. I n add i t ion to that, the p H of the so lu t ion is also suitable for 
the diethyldi th iocarbamate extract ion as reported b y Fr ink and Peaslee.^^ 
3.1.4. Choice of extraction solvent 
The present method was based on the fluorescence measurement of 
the of a l u m i n i u m - 8 - h y d r o x y q u i n o l i n a t e complex extracted f r o m the 
aqueous so lu t ion in to an organic solvent, w h i c h may affect the emission 
in tens i ty and hence affect the sensi t iv i ty of the method. The organic 
O Q 
solvent common ly employed i n extract ion is chloroform. Other solvents 
have also been reported.40 The effect of d i f ferent extraction solvents on the 
f luorescence of a lum in ium-8 -hyd roxyqu ino l i na te was invest igated. The 
f o l l o w i n g procedure had been used. Solutions containing 50 m l of 0.2 j ig 
A l / m l , 2 m l of 2 percent 8 -hydroxyqu ino l ine and 2 m l of buf fer solut ion 
were extracted w i t h one 20-ml po r t i on of each extract ion solvent. N ine 
common ly used organic solvents were studied. These inc luded benzene, 
n -bu ty l acetate, carbon d isu l f ide, carbon tetrachloride, chloroform, d ie thy l 
e ther , e t h y l acetate, n -hexane and i s o b u t y l m e t h y l ketone. The 
fluorescence intensi t ies of these solut ions were measured. T w o p H 
cond i t i ons were used fo r the extract ion. The f i rs t one used was 
a m m o n i u m acetate-ammonia buf fer ( p H 8.92) wh i le the second one used 
was acetic ac id-sodium acetate buf fer ( p H 5.00). The p H of . the aqueous 
solut ions before ext ract ion were measured. The p H of the resu l t ing 
so lu t ion us i ng a m m o n i u m acetate-ammonia bu f fe r was 5.77 and that 
等 
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using acetic acid-sodium acetate buffer was 4.86. Under the p H range f rom 
4.5 to 10.9, the a lumin ium-8 -hyd roxyqu ino l i na te had been repor ted 
prev ious ly to be essentially completely extracted.^^ The choice of two 
buf fer was used to adjust the p H of the solut ion so that a small variat ion 
i n p H (about 1 p H uni t) was studied. The results are shown i n Table 3-3 
、 
and plot ted i n Figure 3-9. 
Under these t w o p H condit ions, benzene, carbon disul f ide, and 
c h l o r o f o r m showed a compara t i ve ly h i g h f luorescence intensit ies. 
Howeve r , a large var ia t ion i n f luorescence in tensi ty was shown by 
benzene (16 %) and carbon disulf ide (17%) under the two p H conditions. 
I n add i t ion to that, benzene and carbon disul f ide had a higher toxicity 
As a result , ch loroform was employed as an extraction solvent i n our 
study. 
Table 3-3. Effect of different solvent on fluorescence 
intensity of Al-8-hydroxyquinol inate 
Fluorescence Fluorescence 




n-buty l acetate ^ 
carbon disulf ide 72.0 
carbon tetrachloride 55.0 39.5 
ch lo ro fo rm ^ 69.0 
d iethy l ether ^ 26.5 
ethyl acetate ^ 
n-hexane ^ 4.0-
isobutyl methy l ketone ^ 
« 
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Table 3-4. Some physical data on the extraction solvent used 
Extract ing solvent Density at So lub i l i ty 
(g/lOQ ml H2O) 
benzene OJ^ 
n -bu ty l acetate 、0.83 
carbon d isul f ide 0.29 
carbon tetrachloride 1.59 0.08 
c h l o r o f o r m 
d ie thy l ether 1.2 
ethy l acetate 0.90 
n-hexane 0.66 insoluble 
isobuty l methy l ketone 
The density and solubi l i ty of the extracting solvents under study are 
s h o w n i n Table 3-4. Densi ty is impor tan t for extract ion w o r k . For a 
solvent that are heavier than water (density > 1.0), the extraction can be 
done convenient ly by us ing a separately funnel . But for the solvents that 
are l ighter than water , water has to be separated f i rst before the organic 
solvent can be d r a w n out f rom the separatory funnel. I t w o u l d make the 
procedure more tedious. A m o n g the three solvent ment ioned before' 
benzene was not suitable for our analysis since i t is l ighter than water. 
The so lubi l i ty of the extraction solvent i n water is also important . 
As reported by Onishi,^^ the presence of 5 percent of water i n the extraction 
solvent w o u l d decompose the aluminiuin-8-hydroxyquinol inate complex. 
As a result, i t is necessary to take into consideration of the solubi l i ty of the 
extract ion solvent. Since carbon disulf ide and chloroform have relat ively 
l o w so lub i l i ty i n water. The decomposit ion of the complex is not expected 
40 
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to be signif icant i n these two solvent. By considering al l the above factors, 
chloroform is chosen for extraction of aluminium-8-hydroxyquinol inate. 
3.1.5. Volume of extraction solvent to be used 
Since chloroform has been chosen as the extraction solvent, the 
opt imal extraction conditions for the volume and number of extractions 
were studied. Solutions containing 50 m l of 0.2 | ig A l / m l , 2 m l of 2 
percent 8-hydroxyquino l ine and 2 m l of ammon ium acetate-ammonia 
bu f fe r were extracted w i t h va ry ing amounts of ch loroform. The 
chloroform layer(s) was/were drawn off into a 50-ml volumetric flask and 
d i lu ted to the mark w i t h chloroform. The fluorescence intensities of the 
result ing solutions were measured. The results are shown in Table 3-5 and 
plotted i n Figure 3-10. 
Table 3-5. Effect of volume and number of extractions on the 
fluorescence intensity of aluminium-8-hydroxyquinol inate 
V o l u m e Number of Fluorescence 
of extraction Gxtraction(s) intensity 
^ 1 68.5 
^ 2 
^ 3 70.5 
^ 4 ^ 
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Conc. of a lumin ium = 0.2 | i g / m l 
Figure 3-10. Effect of vo lume and number of extractions on the 
fluorescence intensity of Al-8-hydroxyquinolinate 
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As shown i n Figure 3-10, one extract ion w i t h 20 m l por t ion of 
chloroform shows a fluorescence intensity 3 per cent lower than that f rom 
the 2 por t ions one. I t m igh t be due to the incomplete extraction of 
a lumin ium-8-hydroxyqu ino l ina te in to ch loro form. Whi le extract ion 
w i t h four 10-ml por t ions of ch loro form also shows a fluorescence 
intensity 1.4 per cent lower than that f r om the 2 portions one. Such a 
lower resul t m i g h t be accounted for b y the loss of a lumin ium-8-
hydroxyqu ino l ina te du r i ng the course of experiment. Extract ion w i t h 
three 15-ml portions of chloroform shows the same result as that w i t h the 
two port ions one but i t w o u l d complicate the course of the experiment. 
As a result, two 20-ml port ions of chloroform were used to extract the 
a lumin ium-8-hydroxyquinol inate complex. 
3.1.6. Stability of aluminium-8-hydroxyquinolinate in chloroform 
J 
M o s t organic compounds had been repor ted to undergo 
photochemical reaction or photo-decomposit ion after irradiat ion by ultra-
v io le t rad ia t i on . Goon et al?^ r e p o r t e d t h a t a l u m i n i u m - 8 -
hydroxyquinol inate w o u l d be decomposed b y ultra-violet radiation. Thus 
the s tabi l i ty of aluminium-8-hydroxyquinol i r iate i n ch loroform was 
studied. 
The fo l low ing procedure had been used. Solutions containing 50 
m l of 0.2 ^ g A l / m l , 2 m l of 2 percent 8-hydroxyquinol ine and 2 m l of 
a m m o n i u m acetate-ammonia buf fer were extracted w i t h two 20-ml 
port ions of chloroform. The chloroform solutions were drawn off into a 
50-ml volumetr ic flask and di lu ted to the mark w i t h chloroform. The 
fluorescence intensity of the solut ion was measured after a l lowing to 
stand for various t ime intervals. The results are shown i n Table 3-6. 
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Table 3-6. Effect of standing time on the fluorescence intensity of the 
a l um in ium-8 -hyd roxyqu ino l i na te 
Standing t ime (min.) Fluorescence intensi ty 
0 、 
15 359 . 
^ ^ 







Figure 3-11 show the effect of t ime o n fluorescence intensity of the 
a l u m i n i u m - 8 - h y d r o x y q u i n o l i n a t e c o m p l e x i n c h l o r o f o r m . The 
fluorescence intensi ty of a lumin ium-8-hydroxyqu ino l ina te i n chloroform 
was f o u n d to be decreased s l ight ly , about 2 percent, at about 30 minutes 
and the fluorescence intensity remained essentially constant up to 4 hours 
of standing. I t can be shown that the a luminium -8-hydroxyquinol inate 
complex is qui te stable i n the absence of u l t ra-v io let radiat ion and the 
fluorescence intensity was measured w i t hou t any signif icant change over 
th is p e r i o d of t ime. Thus i t is recommended that the fluorescence 
intensity of the complex to be measured after 30 minutes. 
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Figure 3-11. Effect of standing o n the fluorescence 
intensity of a luminium-8-hydroxyquinol inate 
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3.1.7. Effect of foreign ion 
Since 8-hydroxyquinol ine w o u l d fo rm metal oxinates w i t h various 
metals, the presence of various metal ions i n food may form oxinates that 
w o u l d affect the fluorescence of the aluminium-S-hydroxyquinolinate and 
interfere w i t h the determinat ion of a lumin ium. The effect on the 
fluorescence of aluminium-8-hydroxyquinol inate by various cations was 
investigated. Seven cations commonly found i n food sample especially in 
p lant tissues were inc luded i n the study. These included calcium(II), 
copper(n), i ron(II), iron(in), magnesium(11), manganese(11) and zinc(n). 
Solutions containing 0.2 | ig A l / m l and various amounts of foreign 
ions in a total vo lume of 50-ml, 2 m l of 2 percent 8-hydroxyquinoline and 
2 m l of ammonium acetate-ammonia buffer were extracted w i t h two 20-
m l portions of chloroform. The chloroform extracts were drawn off into a 
50-ml volumetr ic flask and d i lu ted to the mark w i t h chloroform. The 
fluorescence intensities of the resulting solution were measured. 
Two series of cations concentrations were used. The f irst series 
employed 0-100 micrograms of foreign ions. The concentration of foreign 
ions used in the second series ranged f rom 0-1000 micrograms. The results 
are shown i n Table 3-7 and 3-8 respectively. 
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Table 3-7. Effect of various amounts of foreign cations on fluorescence 
intensity of a lumin ium-8-hydroxyquinol inate 
(Concentration of a lumin ium : 0.2 | i g / m l ) 
Amount of ions added ( j i g /m l ) 
Ions 0 0.4 0.8 1.2 1.6 2 2,4 3.2 4 
Fluorescence intensity 、 
Ca (n) 70.0 67.0 - 67.5 - 67.5 - - 67.5 
Cu (n) 69.5 67.5 66.0 - 65.5 - 60,0 60.0 60.0 
Fe (n) 70.0 69.0 66.5 - 63.5 - 61.5 60.0 56.5 
Fe (HI) 71.0 68,0 68.5 - 63.5 - 62.5 62.0 57.5 
M g (n) 70.0 72.5 - 70.0 - 68.5 - - 67.5 
M n (n) 71.5 71.5 71.5 - 69.0 - 69.0 69.5 69.0 
Z n (II) 69.5 68.5 68.5 - 67.5 - 64.5 71.5 67.5 
Table 3-8. Effect of various amounts of foreign cations on fluorescence 
intensity of a luminium-8-hydroxyquinol inate. 
(Concentration of a lumin ium : 0.2 j i g / m l ) 
Amount of ions added Qig /ml ) 
Ions 0 2. 4 . 1 2 20 40 
• Fluorescence intensity 
Ca.(n) 70.0 67.5 67.5 66.5 _ 6 6 j _ 
C u ( n ) 68.5 64.5 60.5 49.0 41.5 28.5 
Fe (II) 70.0 62.5 56.5 41.0 33.0 18.0 
Fe(m) 72.0 68.5 63.5 53.0 48.5 38.0 
M g (n) 61.5 61.5 61.5 61.5 61.5 61.5 
M n (n) 68.0 66.5 65.5 66.0 66.0 64.0 
Zn(n) 70.0 70.0 70.0 79.5 91.5 90.0 
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Figure 3-12. Effect of foreign ions on the fluorescence intensity of 
a lum in ium -8-hydroxyquinol inate 
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Figure 3-13. Effect of foreign ion on the fluorescence 
intensity of a luminium-8-hydroxyquinol inate 
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The cr i ter ion for an interference was that the fluorescence intensity 
varies for more than 5 percent f rom the expected value i n the presence of 
the interferent. The percentage change caused by the added foreign ions 
are shown i n Table 3-9. 
Table 3-9. Percentage change caused by the presence of different amounts 
of foreign cations i n the fluorescence intensity of Al-8-hydroxyquinol inate 
Amoun t of ions added ( ) ig /m l ) 
Ions 1:1 1:5 1:10 1:50 1:100 
Relative absolute deviat ion (%) 
Ca (n) -3.6 -3.6 -5.0 -5.0 -5.0 
C u (II) -2.9 -5.9 -11.7 -39.4 -58.4 
Fe (n) -1.4 -10.7 -19.3 -52.9 -74.3 
Fe (in) -4.2 -4.9 -11.8 -32.6 -47.2 
M g (n) +3.6 0.0 0.0 0.0 0.0 
M n (II) 0.0 -2.2 -3.7 -2.9 -5.9 
Z n ( n ) -1.4 0.0 0.0 +13.6 +28.6 
I t was f ound that at 100-fold concentrations of magnesium (II), 
manganese (II) and calc ium (II) to that of a lum in ium had shown no 
signif icant interference on the determinat ion of 10 microgram a lumin ium 
(0.2 | i g / m l ) . I n addi t ion, a lum in ium can be determined w i thou t any 
s igni f icant interference i n the presence of 10 fo ld excess of zinc. 
Furthermore, copper (II), i ron (II) and i ron (III) seriously interfered w i t h 
the determinat ion of a luminium. The tolerance ratios are listed in Table 
3-10. 
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Table 3-10. Tolerance ratio of the Al-8-hydroxyquinol inate system 
on the cation 
Ratio of A1 conc. 
Ions to cation conc. 
Ca(n) 1:100 
Cu (n) 
Fe (n) la 
Fe(in) 
M g (n) 1:100 
M n (n) 
-Zn (n) “ 1:10 
The interferences caused by the foreign cations can by eliminated by 
a complexing agent that w o u l d complex w i t h these cations and does not 
react w i t h a lumin ium. The choice of complexing agent w i l l be discussed 
i n the next section. 
3.1.8. Choice of complexing agent 
A large amount of in ter fer ing materials i n food samples were 
found. Ions such as copper, i ron, zinc and manganese wou ld possibly 
in ter fere w i t h the p roposed method. I n order to remove these 
interference, a complexing agent was used to prevent the extraction of 
these meta l i n to chloroform. Several reagents had been reported as 
mask ing agent.^^ They inc luded 8-hydroxyquinald ine^^ (2-methyl-8-
hydroxyqu ino l ine ) , dithizone^^ , and sod ium diethyl-dithiocarbamate.^^ 
A l l these reagents were f o u n d not to complex w i t h a lumin ium bu t 
complex w i t h other metals that are interfere w i t h the determination of 
a l u m i n i u m . 
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The following procedure had been used : Solutions containing 0.2 
M-g Al /ml with metal ions mixture in a total volume of 25-inl, and 5-ml of 
ammonium acetate buffer was treated with 8-hydroxyquinaldine, 
dithizone , and sodium diethyl-dithiocarbamate followed by three 10-ml 
portions of chloroform extraction. After the extraction, 2 ml of 2 percent 8-
hydroxyquinoline was added and the solutions were extracted with two 10-
ml portions of chloroform. The chloroform extracts were drawn off into 
a 25-ml volumetric flask and diluted to the mark with chloroform. The 
fluorescence intensities were measured. 
Table 3-11. Recovery of a lumin ium using dif ferent complexing agents 
Complexing agent Fluorescence intensity 
8-hydroxyquinald ine 291 
sodium diethy l dithiocarbamate 384 
d i th izone ^77 
From the result shown i n Table 3-11 and p lot ted i n Figure 3-14, 
mask ing us ing sod ium d ie thy l -d i th iocarbamate showed the highest 
recovery of a lumin ium. As a result, i t was chosen as a pre-extraction 










































































































































































































3丄 Analytical FarametPr5s 
3.2.1. Calibration curve 
Three concentration ranges were studied. The first and the second 
were studied using a spectrofluorimeter and third was studied using a 
fluorimeter. � 
3.2.1.1. Aluminium concentration (0-0.24 ug/ml) 
Fifty ml of solutions containing 0, 0.04, 0.08, 0.12, 0.16, 0.20 and 0.24 
ug Al/ ml were transferred into 100-ml separatory funnels separately, and 
2 ml of 2 percent 8-hydroxyquinoline and 2 ml of ammonium acetate-
ammonia buffer were added. The solutions were extracted with two 20-ml 
portions of chloroform. After two phases had been settled, the chloroform 
phase was drawn off into a 50-ml volumetric flask and diluted to the mark 
with chloroform. The fluorescence intensities were measured. The results 
are shown in Table 3-12 and plotted in Figure 3-15. 
Table 3-12. Data for the calibration curve of aluminium (0-0.24 ug Al/ml) 
Al conc. (ug/ml) Fluorescence intensity 
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Figure 3-15. Calibration curve for a lumin ium (0-0.24 | ig A l / m l ) 
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3.2.1.2. A l u m i n i u m concentration (0-2.4 | ig A l / m l ) 
The same procedure developed was used except w i t h a dif ferent 
range of a l um in ium concentrations : F i f ty m l solutions containing 0, 0.4, 
0.8, 1.2, 1.6, 2.0 and 2.4 | ig A l / m l were transferred separately into 100-ml 
separatory funnels. The fluorescence intensit ies were measured. The 
results are shown i n Table 3-13 and plotted i n Figure 3-16. 
Table 3-13. Data for the calibration curve of a lumin ium (0-2.4 j ig A l / m l ) 







^ ^ . 
3.2.1.3. A l u m i n i u m concentration (0-0.48 | ig A l / m l ) 
For a more accurate measurements, the f luorimeter was employed 
because more reproduc ib le readings cou ld be obtained. The same 
procedure as i n section 3.2.1.1 was used except that of a lum in ium 
concent ra t ion. F i f t y m l so lut ions con ta in ing var ious amounts of 
a l um in i um were transferred separately in to 100-ml separatory funnels. 
The fluorescence intensities were measured. The results are shown i n 
Table 3-14 and Figure 3-17. 
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Figure 3-16. Cal ibrat ion curve for a l u m i n i u m (0-2.4 ^ig A l / m l ) 
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Table 3-14. Data for the calibration curve of a lumin ium (0-0.48 | ig A l / m l ) 
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3.2.1.4. Range of applicabil i ty 
I n the measurements of a lumin ium using the spectrofluorimeter. 
The cal ibrat ion graph shown i n Figure 3-15 indicated that the graph was 
linear over the whole concentration range f r om 0 to 0.24 | ig A l / m l . Figure 
3-16 shows that the cal ibration graph was l inear up to 1.0 j ig A l / m l and 
showed a negative deviat ion at a concentrations above 1.0 )ig A l / m l . 
The range of concentration i n wh ich the procedure can be appl ied 
was fur ther studied. I t was found that the calibration graph in the range 
f rom 0 to 0.24 | ig A l / m l shows an excellent l inear relationship between the 
fluorescence intensity w i t h its concentration. I t was found that the linear 
range was found f rom 0.0 to 1.0 }ig A l / m l . A t concentrations higher than 
1.0 j ig A l / m l , a negative deviat ion was found. 
I n the measurements of a l um in i um us ing the f luohmeter , the 
ca l ib ra t ion g raph shown i n Figure 3-17 was l inear over the whole 
concentration range f r om 0 to 0.48 A l / m l . A t higher concentrations, 
等 
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the fluorescence intensity of the aluminium-8-hydroxyquinol inate system 
was too h igh to be measured. 
Table 3-15 and 3-16 give summaries on the regression equation and 
correlat ion coefficient of the spectrofluorimeter and fluorimeter. 
〜 
Table 3-15. Analyt ical parameters on the determinat ion of a lumin ium 
using spectrofluorimeter 
Linear 
Cone. Range Regression equation Corre lat ion range 
Oig /ml ) coefficient ( 昭 / m l ) 
0-0.24 IF = 334.82 C + 0.107 0.9999 0-0.24 
0-2.4 I f = 34.1 C + 3.929 0.9953 0-1 
Table 3-16. Analyt ical parameters on the determination of a lumin ium 
using f luorimeter 
Linear 
Cone. Range Regression equation Corre lat ion range 
( | i g /m l ) coefficient j^g/ml) 
0-0.48 I f = 1541.52 C + 11.61 0.9995 0-0.48 
0-2.4 I - I -
** : Fluorescence intensity was too h igh to be measured 
3.2.2. Precision 
The precision of the procedure was estimated by taking the relative 
s tandard dev ia t ion of the fluorescence in tens i ty of f ive repl icate 
de te rm ina t ions of a so lu t ion . The p rec is ion of t w o a l u m i n i u m 
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concentration (0.1 | ig A l / m l and 0.2 | ig A l / m l ) were studied. I t was done 
by extract ion of solutions containing 50-ml of 0.2 ^ig A l / m l , 2 m l of 2 
percent 8-hydroxyquinol ine, 2 m l of ammonium acetate-ammonia buffer 
by two 20-ml port ions of chloroform. The chloroform phases were d rawn 
off into a 50-ml volumetr ic flask and di luted to the mark w i t h chloroform. 
The fluorescence intensities were measured, and the results are shown in 
Table 3-17 and 3-18, respectively. 
Table 3-17. Precision study w i t h a lumin ium concentration at 0.1 j i g / m l 






Table 3-18. Precision study w i t h a lumin ium concentration at 0.2 | i g / m l 







The precision of this method was found to be 0.0 and 0.62 % for 0.1 
^ig A l / m l and 0.2 [ ig A l / m l , respectively. The precision of the proposed 
method can be considered very good. 
The prec is ion s tudy was repeated us ing the f luor imeter and 
a lum in ium solut ion w i t h concentration of 0.2 j ig A l / m l and 0.4 | ig A l / m l . 
The results are shown i n Table 3-19 and 3-20, respectively. 
Table 3-19. Precision study w i t h a lumin ium concentration at 0.2 | i g / m l 
using a f luorimeter 






Table 3-20. Precision study w i t h a lumin ium concentration at 0.4 [ i g / m l 
using a fluorimeter 








The relative standard deviat ion determined was 0.61 and 0.67 % for 
0.2 M^ g A l / m l and 0.4 | ig A l / m l , respectively, again indicat ing that this 
method was precise. Table 3-21 gives a summary of the precision for the 
proposed method. 
Table 3-21. Summary of the precision of the proposed method 
Spectrof luorimeter F luor imeter 
A1 Conc. 
Oig /ml ) ^ ^ ^ 0.4 
M e a n ^ ^ 358.8 644 
S.D. ^ 3.94 
R.S.D, (%) 0.61 
3.2.3. Detection Limit 
The detection l im i t was calculated fo l l ow ing the recommendation 
given i n LU.P.A.C./^ wh ich defines i t as the analyte concentration leading 
to a luminescence intensi ty that is three times the blank standard 
deviation. I t was calculated to be 3 ng / m l of a luminium. This level is 
accepted for the analysis of the aluminium. 
3.2.4. Accuracy assessment 
I t is impor tant to assess the accuracy of the proposed method. 
Generally, there are two approaches to the accuracy assessment,^^ namely, 
(1). analysis of standard reference samples ； and 
(2). recovery studies. 
These two approaches w i l l be discussed in the fol lowing sections. 
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3.2.4.1. Analysis of standard reference material 
I t has been reported i n A.O.A.C.^^ that there are several certif ied 
reference mater ial (CRM) for accuracy assessment. A standard reference 
material (citrus leaves, SRM 1572, containing 95 土 15 ^ig A l / g , Nat ional 
Institute of Standards and Technology, Washington DC, USA) was used. A 
sample of the citrus leaves was pre-dr ied at 80°C overnight. A suitable 
amount of sample was weighed and i t was dry ashed at 550°C for 2 hours 
and then dissolved i n 20-ml of 1:1 ni tr ic acid. The solut ion was then 
cooled and d i lu ted to 250 m l w i t h Q water. The a lumin ium content of the 
solut ion was determined by using the proposed method. In addi t ion to 
that, i t was also analyzed by another laboratory using an Induct ive ly 
Coupled Plasma-Atomic Emission Spectrometer (ICP). 
I n the analysis by proposed method, the a lumin ium concentration 
was f ound by means of standard add i t ion calibration. The results are 
summarised i n Table 3-22. 
Table 3-22. Analysis of citrus leaves by the proposed method 
Tr ia l No. A1 conc. Mean A1 S.D. R.S.D. 
(^g/g) conc, (^ig/g) (|ig/g) % 
1 101,22 
2 102.66 102.47 1.16 1.13 
3 103.5 
I n the analysis of citrus leaves by the ICP method, the Thermal-
Jarrell A s h M o d e l 300 Induc t i ve ly Coup led Plasma-Atomic Emission 
Spectrometer was used. The instrument was calibrated using the standard 
a lumin ium solut ion at concentration of 0.5 | ig A l / m l , 1.0 | ig A l / m l and 
10.0 | ig A l / m l . The emission measured at 396.1 n m of the a lumin ium 
等 
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standards and the a l u m i n i u m i n citrus leaves were recorded. The 
cal ibrat ion curve of ICP is shown i n Table 3-23 and plotted i n Figure 3-18. 
The emission and the a lum in ium content i n citrus leaves are shown i n 
Table 3-24. 
、 
Table 3-23. Cal ibrat ion curve of a lumin ium (0-10 } ig /m l ) by ICP method 
Net reading 
A1 Cone, (mg/1) Emiss ion corrected for 
background 
0 ^ 0 
0.5 - 6315.7 971 
. 1 . 0 i m 
10.0 22612 17000 
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Table 3-24. Determinat ion of a lumin ium i n citrus leaves 
by the ICP method 
(a). Emission and concentration of a lumin ium 
Mean A1 “ 
A1 conc. conc. 
Tr ia l No. Net reading determined determined S.D. 
( ^g /m l ) (^ ig/ml)〜 
1 825.6 0.4750 
2 823.6 0.4739 0.4757 0.0023 
3 831.2 0.4783 
(b). A l u m i n i u m content i n citrus leaves 
Tr ia l No. A1 conc. Mean A1 S.D. R.S.D. 
Oig/g) conc. (}ig/g) (^g/g) (o/o) 
1 108.26 
2 107.99 108.44 0.57 0.53 
3 109,09 
Compar ing w i t h cert i f ied value given by the manufacturer, i t was 
found that the result obtained w i t h the proposed method and ICP method 
are acceptable at 95 % confidence level. The results are summarised i n 
Table 3-25. 
Table 3-25. Comparison of result obtained by proposed method and 
ICP method w i t h the certified value 
M e t h o d A1 conc. ( ^g /g ) 
Cert i f ied values 95 ± 15+ 
Proposed method 102.17 土 1.16 
ICP method 108.44 土 0.57 
* : 95 % confidence level 
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3.2.4.2. Recovery tests 
The second method for assessing the accuracy was the recovery test. 
This method was described by A.O.A.C.収 I t was done by adding of certain 
amount of a lumin ium to a sample (fort i f ied sample) pr ior to analysis, and 
the amount is determined (recovered) by the proposed method. The same 
analytical method was used to analyzed both the unfor t i f ied and for t i f ied 
sample. The percentage recovery was calculated by the fo l lowing equation. 
C f - C U 
% Recovery = x 100 
CA 
where 
Cp = Concentration of a lumin ium measured i n fort i f ied sample 
Cu = Concentration of a lumin ium measured i n unfort i f ied sample 
CA = Concentration of a lumin ium added in fort i f ied sample 
I n the analysis of citrus leaves, the percentage of recovery was found 
by the above equation i n the proposed method and the result was shown 
in Table 3-26. 
Table 3-26. Percentage recovery of citrus leaves by the proposed method 
Conc. of A l Conc. of A l Average % 
Tr ia l No. added recovered recovery 
( j i g /m l ) (^ig/ml) 
1 0.00 0.04456 
_0JL2 0.1806 113 
2 0.00 0.04513 
OJ^ 0.1568 112 
3 0.00 0.04547 
OJ^ 0.1445 99.0 
Mean recovery (%): 107.4 
S.D. (%) :6.03 
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I n analysis of food samples, the same test was performed and the 
percentage of recovery was reported i n section 3.3. 
3.2.5. Blanks 
、 
I n the f luorescence analysis, f luorescence not der ived f r o m 
a lumin ium i n the sample may come f rom two sources.^^ The first one is 
f r om the impur i t i es i n the reagents. The second one is the natura l 
fluorescence spectrum of the sample. The former can come f rom 
(1). reagent used i n the pre-treatment process ； and 
(2). reagent used for the a lumin ium analysis. 
For the f i rs t one, ten repl icate determinat ions of a b lank was 
per fo rmed us ing the proposed procedure described i n section 2.3.2.1 
w i thout using any sample. The results are shown i n Table 3-27. 
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Table 3-27. Blank determinat ion for the pre-treatment process 
Tr ia l No. Fluorescence intensity 
1 ^ 
、 









* Rejected by the Q-test 
From the calculations, i t was estimated that 10.18 microgram of 
a l u m i n i u m was in t roduced to the sample du r i ng ashing and acid 
d igest ion steps. I n the analysis of f ood samples, the blanks were 
per fo rmed and corrections for the a l um in i um contaminat ion i n these 
steps were made. 
For the second one, a l u m i n i u m may be contaminated by the 
impur i t ies i n the reagents used dur ing the a lumin ium determination. It 
was done by replacing the sample w i t h an equal volume of a lumin ium 
free water (Q water). Ten replicate determinations of the blank were 
performed. The same procedure was performed i n same manner stated in 
section 2.3.3. The results are shown i n Table 3-28. 
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Table 3-28. Blank analysis for determination of a lumin ium 
Tr ia l No . Fluorescence intensity 
1 ^ 
2 ^ 
3 20 、 
4 ^ 




、 9 ^ 
10 ^ 
* Rejected by the Q-test 
From the calculations, the amount of a l um in ium contr ibuted by 
the impur i t ies of the reagents was found to be 0.07 microgram a lumin ium 
(on average basis) du r i ng the procedure of a l um in ium determination. 
This is comparat ively smal l w h e n comparing to the impuri t ies f rom the 
sample treatment steps. I n each batch of analysis, a reagent blank was 
performed together w i t h the sample solution. I t was used to correct for 





3,3, Determinat ion of aluminium in tea leaves, natural water, infanf 
fo rmu la and pharmaceutical prndurfs 
After a series of opt imisat ion steps, a recommended procedure has 
been developed. Di f ferent samples were analysed using the proposed 
method. As ment ioned i n section 1.1, there are fouf . main sources of 
a l um in ium i n the diet.9 The f irst one is the a lumin ium coming f rom 
food w i t h natural ly h igh a lumin ium content such as tea. The second one 
is a l u m i n i u m coining f r o m the contaminat ion of food and d r ink by 
a l u m i n i u m cookware or wrapp ing . The t h i r d one is the a lum in ium 
coming f rom the natural water wh ich have previously been treated w i t h 
a lumin ium for coagulation, and f inal ly is the a lumin ium f rom medicine 
part icular ly w i t h h igh level of a lumin ium such as antacid. 
These four sources w i l l be studied and typical example i n each 
source was invest igated. They were already k n o w n to conta in 
a lumin ium. A l l samples were purchased i n retai l outlet in Hong Kong. 
The samples included tea, infant formula, natural water, antacid drug and 
a lumin ium cookware. The results w i l l be discussed separately. 
3.3.1 Tea 
3.3.1.1. Tea leaves 
Tea is known as an a lumin ium accumulator. I t contains natural ly 
h igh level of a lumin ium. Eden^^ and Fairweather-Tait et al. 49 repor ted 
that tea leaves contained on an average 1000 | i g / g . The a lumin ium 
content of tea leaves f r o m different or ig in i n the oriental market were 
determined. The results are shown in Table 3-29 and Table 3-30. 
72 
Table 3-29. Result of a lumin ium concentration in tea leaves 
Tea A1 conc. (mg/g) * 
Luk Yu I ron Buddha Tea 3.32 ±0.15 (3) 
Yunnan Pu-Era Tea 1.08 土 0.19 (3) 
Fujian Oolong Tea 1.29 土 0.07 (3) 
* where data i n the parenthesis are number of determinations 
Table 3-30. Result of average recovery of a luminium analysis 
in tea leaves 
Conc. of A1 Av. Conc. of 
Tea sample 」」」 • i , Average % 
added A1 recovered recovery 
Qig/ml) (^-ig/ml) 
Luk Yu I ron 0.00 0.1329 
Buddha Tea 
0.120 0.2559 103 
Yunnan Pu-Era 0.00 0.0956 
Tea 
0.120 0.2199 104 
Fujian Oolong 0.00 0.1035 
Tea 
0.120 0.2226 99.3 
From the results in Table 3-29, the total a luminium content in tea 
leaves was found to be range of 1.0 - 3.3 m g / g . The average aluminium 
content in the tea leaves was 1.90 mg /g . From the results shown in Table 
3-30, the average recovery of a luminium in tea leaves was found to be 101 
% (99-103 %). I t showed that the a lumin ium content of tea leaves was in 
the order of m g / g , which is the same reported by other workers.^^'^^ 
From the results shown i n Table 3-29, the a lumin ium contents in 
tea leaves vary greatly possibly because of difference in the type of plant 
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variet ies and soi l condi t ions. I t may be possible that var ia t ion i n the 
a l u m i n i u m level i n tea leaves may reflect the di f ferent soil condit ions and 
hence a l u m i n i u m uptake by p lant i n di f ferent locations. 
3.3.1.2. Tea infusions 
Cor ia t and Gi l lard^^ has been repor ted that t inexpectedly h i g h 
concentrat ion of a l u m i n i u m was f o u n d i n tea infusions, i n w h i c h the 
a l u m i n i u m level ranged between 40 to 100 m g / k g i n tea infusions. To 
assess the dietary exposure f r om this source, the a lumin ium content of tea 
in fus ion was studied. The tea in fus ion was prepared as stated i n section 
2.3.3.2. and i t was analysed for a lum in ium by the proposed method. The 
results are shown i n Table 3-31. 
Table 3-31. A l u m i n i u m concentration i n tea infusion 
T Z A l c o n c . T o t a l A l - i n % soiubi l i ty+ 
(mg/1) leaves(mg/g) 
L u k Y u I ron Buddha Tea 5.07 士 0.15 (2) 3.32 ±0.09 18.0 
* : Result f r om Table 3-30 ； 
十 ： T h e percentage of solubi l i ty of a lumin ium in water i n the tea-sample 
was calculated by the fo l lowing method : 
A m o u n t of soluble a lum in ium per g ram of tea leaves 
=conc. of the solut ion • vo lume of so l ' n /w t . of sample 
=5.07 (mg/1) . 0.25 ⑴ /2.121 (g) = 0.5976 m g / g 
Percentage solubi l i ty of A l i n water 
=0.5976/3.32 • 100 % = 18.0 % 
As shown i n the Table 3-31, the a l u m i n i u m concentration i n tea 
infusions had a value of 5.0 m g / 1 and was considerably lower than the 
tota l a l u m i n i u m i n tea leaves. But this result was consistent w i t h the 
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values of 2.0 - 4.9 m g / 1 found by Fairweather-Tait et al^^ and the values of 
4.5 - 6.0 m g / 1 found by Koch et al^^ I t seems to be a general consensus that 
a lumin ium level i n tea infusions are i n the range of 2-6 mg/1. 
The tea in fus ion also give the value of soluble a lumin ium content 
f r o m tea leaves. Fairweather-Tait et al^^ reported that 26 to 39 % of 
a l u m i n i u m was extracted by hot water f r o m tea leaves. But our 
experiment gave a lower result as only 18 % of a lumin ium was found to 
be extracted into the hot water f rom tea leaves. 
For a person consuming two cups of tea dai ly (approximately 500 
ml) , he w o u l d take up 2.5 m g of a lumin ium each day. 
3.3.2. Natural water 
Natura l water may contain a certain amount of a luminium, wh ich 
p robab ly comes f r o m leaching f r om the soi l , and f r om a lum in ium 
containing flocculants for c lar i fy ing munic ipa l water supplies. Jones and 
Bennett^ has been reported that the a lum in ium concentration i n N o r t h 
America r ivers ranged f rom 0.012 to 2.25 mg/1. The a lumin ium content 
i n some natura l water samples, purchased f r om retai l outlets i n H o n g 
Kong, were determined. Most samples were bott led i n France and Italy. 
The sample solutions were analysed by the proposed method. The results 
are shown i n Table 3-32 and Table 3-33. 
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Table 3-32. Determinat ion of a lumin ium i n natural water samples 
Water Samples Average A1 
c o n c , (|Lig/l) 
Deionized Water 0.00 (1) 
Pierval 32.59 ± 0.13 (2)、 
Perrier 32.59 (1) 
San Benedetto 12.17 (1) 
V i t t e l - 26.07 土 1.61 (2) 
*where data i n the parenthesis are number of determinations 
Table 3-33. Result of average recovery of a lumin ium analysis 
i n natural water 
Conc. of A1 Av. Conc. of 
Water sample , , , . , , Average % 
^ added A1 recovered recovery 
Oig/ml) ( j i g /m l ) 
De- ionized 0.0 0.00 
water 0.0764 95.57 
Pierva l 0.0 0.0326 
0.10 0.1386 106.04 
Perrier 0,0 0.0326 
0.1438 111.2 
San Benedetto 0.0 0 皿 1 
0.10 0.08131 80.20 
V i t t e l 0.0 0.02607 
0.1232 97.14 
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From the above result, the average concentration of a luminum in 
natural water was found to be 27 j i g / l (12-32 | ig / l ) . The average recovery of 
the method on the natural water was 98.5 % (81-111 %). 
For a person consuming two l i tre of natural water dai ly, he wou ld 
probably take i n less than 0.06 m g a lumin ium f rom water. 
、 
3.3.3. Infant formula 
Recently, a number of investigators have become concerned about 
the a lumin ium content i n infant formula. 54,55 as reported by McGraw et 
flZ.,55 chi ldren w i t h impaired renal funct ion are susceptible to toxic effect 
f rom a lumin ium. Because infants w i l l tend to have a higher permeabil ity 
of the gastrointestinal tract to a lumin ium, i t is necessary to determine the 
a l u m i n i u m i n in fan t formula. The a l u m i n i u m content i n an infant 
formula was determined using the proposed method. The a lumin ium 
concentration of infant formula is shown in Table 3-34 and Table 3-35. 
Table 3-34. Determinat ion of a lumin ium in an infant formula 
Infant Formula A1 conc, ( | ig /g) 
Enfami l (Hol land) 25.2(2) 
* where data i n the parenthesis is number of determination 
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Table 3-35. Result of average recovery of a lumin ium analysis 
i n in fant formula 
… ， 1 Conc. of A1 Av. Conc. of 
In fant formula Average % 
added A1 recovered ® used recovery 
Oig/ml) ( ^g /m l ) 
En fam i l 0.00 0.0201 、 
0.100 0.1240 “ 104 
The level of a lumin ium found i n the sample was 25.2 | ig /g , wh ich 
is comparat ively higher than results obtained f rom other workers. Baxter 
et al.56 repor ted that the a l um in ium concentration i n Uni ted K ingdom 
samples ranged f rom 3.7 to 4.3 | i g / g and Dabeka & McKenzie^^ reported 
a l u m i n i u m concentrat ion i n in fant formula f rom 3.5 to 10.2 }ig/g i n 
Canada. Such a large amount of a lumin ium i n infant formula may be 
contr ibuted by a number of possibilities as mentioned by Baxter et ai/^ 
e.g. contaminat ion d u r i n g manufac tur ing and a l u m i n i u m present i n 
v i tamins and nutr ient elements wh ich may be added in large amount to 
the in fant formula. 
3.3.4. Pharmaceutical products 
A l u m i n i u m salts have been wide ly used in the non-prescript ion 
drugs,59 wh ich include some antacids, buffered aspirins, antidiarrheals, etc. 
Among these products, the antacid is l ikely to be used daily by the patients 
to treat m inor gastric i r r i ta t ion. However , the a lumin ium-conta in ing 
antacids have been impl icated as a pr imary cause of dialysis dementia in 
some uremic patients. 
The a lum in ium content i n antacid formula was determined using 
the proposed method and the daily aluminium intake estimated. The 
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antacid was purchased i n the local market. The active ingredient was 
a lumin ium hydroxide. The results are shown i n Table 3-36 and 3-37. 
Table 3-36. Determination of a lumin ium in an antacid drug 
An tac id A l conc , (mg /g ) Act ive Ingradient 
Gelus i l 62.78 土 0.634 (2) A l u m i n i u m hydroxide gel 
Gelusi l Plus 54.57 土 5.44 (2) A l u m i n i u m hydroxide 
* where data i n the parenthesis is number of determination 
Table 3-37. Result of average recovery of a lumin ium analysis 
i n an antacid drug 
Conc. of A l Av. Conc. of 
Actacid used " , “ , Average % 
added A l recovered recovery 
( ^g /m l ) ( j i g /m l ) 
Gelusi l 0.00 0.1256 
0.100 0.2267 101 
Gelusi l plus 0.00 0.1143 
0.100 0.2190 100 
The a l u m i n i u m content i n the antacid was found to be average 
58.68 m g / g . The average recovery of the d rug to be analysed by the 
I 
proposed method was average 100.48 %. For a patient taking 8 pil ls daily, 
he w o u l d probably take in about 1400 mg each day. Lione^^ reported that 
840-5000 m g of a luminum was taken daily by gastric patient f rom antacid. 
The value prov ide a rough estimation of the a lumin ium intake. Such a 
large amount of a lumin ium intake (about 100 fo ld greater than f rom food 
samples) w o u l d probably cause a lumin ium intoxication. 
79 , 
、 
3.3.5. Aluminium from aluminium cookware 
I t is we l l k n o w n that cooking of acidic foodstuff i n a lumin ium pans 
w o u l d cause some dissolut ion of a lumin ium. I t has t radi t ional ly been 
recommended that a lum in ium pan should not be used for storage of such 
foods and foods w i t h h igh salt content.^^'^^ A l u m i n i u m f rom cookware 
serves as an addit ional source not coming f rom the foodl tse l f . 
A l u m i n i u m leached f r o m a lum in ium cookware du r ing di f ferent 
treatment was determined and i t provided an estimation of the amount of 
a l um in ium leached by food f rom a lumin ium cookware. 
The studies were carried out using tap water, deionized water and 1 
% citric acid, where 500 m l of solutions were kept i n the a lumin ium pot 
for var ious periods up to 90 minutes. Two condit ions were employed. 
The so lu t ion either kep t at r oom temperature (19°C) or at bo i l i ng 
temperature (100°C). A por t ion of solut ion i n the pot was drawn out at 
var ious t imes. The a l u m i n i u m concentrat ion i n the so lut ion was 
analyzed by the proposed method. The result w i l l be discussed separately. 
3.3.5.1. Deionized water 
Storage and bo i l ing test of deionized water were carried out i n an 
a lum in ium pot. The pot was f irst used to store deionized water at room 
temperature (19 °C) for 90 minutes. After this, fresh deionized water was 
boi led i n a pot for 90 minutes. The results are shown i n Table 3-38 and 




Table 3-38. A m o u n t of a lumin ium leached into cold and boi l ing 
deionized water f rom an a lumin ium pot 
Time i n pot Co ld deionized water Boi l ing deionized 
(minutes) ( | ig/ l ) water ( | ig / l ) 
0 0 0 
15 8 、 9 
^ ^ 13 
^ 8 10 
60 9 8 
75 _ J 1 8 
90 11 6 
Average A1 conc. ^ 
* rejected 
A f t e r storage at r o o m temperature, the average a l u m i n i u m 
concentration was around 7.7 } i g / l , whereas the a lumin ium concentration 
after bo i l ing was around 7.7 ) ig / l . This result indicated that boi l ing d id not 
enhance the d isso lu t ion of a lumin ium. I n add i t ion , the amount of 
a l u m i n i u m leached f r o m the a lum in ium po t is very smal l possibly 
because the a lumin ium pot has a protective layer of AI2O3 that prevents 
the dissolut ion of a lum in ium in water. 
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3.3.5.2. Tap water 
Storage and bo i l i ng test were carried out i n the a l um in ium pot 
us ing tap water . The pot was f i rst used to store tap water at room 
temperature (19®C) for 90 minutes. After this, fresh tap water was boi led 
i n a pot for 90 minutes. The results are shown i n Table 3-39 and plotted i n 
Figure 3-20. 、 
Table 3-39. A m o u n t of a lumin ium leached into cold and boi l ing tap 
water f rom a lumin ium pot 
Time i n pot Cold tap water Boi l ing tap water 
(minutes) 
0 133.6 ^ 
15 90^ 
30 130.4 ^ 
45 139.6 
^ 156.4 U ^ 
75 170.4 1 0 ^ 
90 156.4 987.2 
Average A1 conc. 139.7 1184.0 
The resu l ts obta ined, for d i sso lu t i on of a l u m i n i u m f r o m 
a l u m i n i u m po t in to tap water are also shown i n Figure 3-20. When 
b o i l i n g was con t inued for more than 15 minutes, the a l u m i n i u m 
concentration remained essentially constant. 
A f te r storage at room temperature for 90 minutes, the average 
a lumin ium concentration was found to be 139.7 | i g / l . Af ter boi l ing for 90 
minutes, the average concentration was 1184.0 I t showed that the 
bo i l i ng was s igni f icant ly increase the d isso lu t ion of a lum in ium f rom 
a lumin ium pot. I t was found that a lumin ium leached by boi l ing was 1044 
) i g / l higher than storage i n pot. 
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3.3.5.3. Citr ic a d d 
Storage and bo i l i ng test were carried out i n the a lum in ium pot 
us ing a so lu t ion of 1 % citr ic acid i n deionized water. The p H of the 
solut ion was 2.4, wh i ch is close to that of acidic foods. The pot was f irst 
used to store 1 % citric acid at r o o m temperature (19®C) for 90 minutes. 
A f te r this, f resh acid so lut ion was boi led i n an a lum in ium pot for 90 
minutes. The results are shown i n Table 3-40. 
Table 3-40. Amoun t of a lumin ium leached into cold and boi l ing 
citric a d d f r om an a lumin ium pot 
Time i n pot Cold 1 % citric acid Boi l ing 1 % citric acid 
(minutes) (^g/1) ( _ ) 
0 
15 ^ ^ 
^ ^ 
^ 3.2 65.6 
60 ^ ^ 
75 ^ ^ 
90 ^ 97.2 
Average A l conc. 3.3 56.7 
The results are also plot ted i n Figure 3-21. Af ter the storage at room 
temperature for 90 minutes, the average a l um in i um concentration was 
found to be 3.3 \xg/l Af ter bo i l ing for 90 minutes, the average a lumin ium 
concentration was 56.7 [ig/l I t showed that bo i l ing significantly increased 
the dissolut ion of a lumin ium f r om the a lumin ium pot. I t was found that 
about 53.4 | i g / l of a lumin ium were introduced dur ing the boi l ing process. 
As a result , i t is not recommended that acidic foodstuffs be cooked or 
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The effect of di f ferent solut ion bo i l ing i n a lumin ium pot are plotted 
together i n Figure 3-22. Because i t was k n o w n that the salt concentration 
w o u l d affect the dissolut ion of a lumin ium. From Figure 3-22, i t can be 
seen that the presence of salt i n tap water s igni f icant ly increased the 
d issolut ion of a lumin ium, and this agree w i t h previous report that salt 
concent ra t ion w o u l d affect the d issoc ia t ion of a iumin ium.^^ The 
a lumin ium was leached by tap water increased by 1176 | i g / l as compared 
w i t h that leached by deionized water. I t may due to the presence of salt, 
w h i c h w o u l d enhance the dissolut ion of protect ive layer i n a lumin ium 
pot. 
I n addi t ion, the acidic solut ion (1 % citric acid) wou ld also enhance 
the dissolut ion of a lumin ium. The amount of a lumin ium leached by 1 % 
citr ic acid increased by 49.0 | i g / l as compared w i t h that leached by 
deionized water. As shown i n the graph, the extent of dissolution by acid 
solut ion was not as significant as that by tap water. 
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Chapter 4. Conclusion 
A sensi t ive and precise spect ro f luor imet r ic me thod for the 
determinat ion of a lumin ium, using 8-hydroxyquinol ine as a reagent, has 
been developed. The op t imum conditions for measuring the fluorescence 
i n tens i t y of the a l u m i n i u m - 8 - h y d r o x y q u i n o l i n a t e complex were 
investigated. These o p t i m u m conditions have been appl ied to determine 
a lumin ium in food samples. The proposed method has been found to be 
satisfactory for measur ing smal l amount of a lum in ium i n the food 
sample. 
A survey of di f ferent samples known to contain a lumin ium have 
been analyzed. The level of a lumin ium was generally less than 5 m g / g or 
much lower except that for aluminium-containing antacid. 
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Least square treatment of data and calculation of regression lines 
This technique f inds the best f i t t ing straight l ine for a set of data such 
as those for a calibration graph. I t calculates that straighf l ine whose sum of 
squares of vert ical deviations of observations f rom the line is smaller than 
corresponding sum of squares of deviations f rom any other line. 
Equation of straight l ine is 
Y = a + b X 
where a is the intercept at Y axis (X=0), and b is slope of line 
Least square estimates of constants are 
I ( X i Y i ) - [ ( S X i l Y i ) / n ] 
b = 
I - ( i:Xi)2/n 
a = Y - bX 
Where S = "sum o f " the n- ind iv idua l values of indicated operation and X 
and Y are the averages of the X and Y points. 
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